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A note on movement in logical grammar 
:HvM JQ``BHH
.2T`iK2Mi Q7 *QKTmi2` a+B2M+2- lMBp2`bBii SQHBiĕ+MB+ /2 *iHmMv
abstract
E2vrQ`/b, +Qp2`i
M/ Qp2`i
KQp2K2Mic
T`bBiB+
2ti`+iBQMc
`2HiBpBbiBQMc
r2F M/ bi`QM;
[mMiB}+iBQM
AM i?Bb `iB+H2- r2 KF2 bQK2 #`B27 `2K`Fb QM Qp2`i M/ +Qp2`i
KQp2K2Mi BM HQ;B+H ;`KK`X qBi? `2bT2+i iQ +Qp2`i KQp2K2Mi U2X;X
[mMiB}+iBQMV- r2 Q#b2`p2 ?Qr  i`2iK2Mi BM i2`Kb Q7 /BbTH+2K2Mi
+H+mHmb BMi2`+ib rBi? MQ`KH KQ/HBiB2b 7Q` BMi2MbBQMHBiv iQ HHQr 
+Q/BM; BM HQ;B+H ;`KK` Q7 i?2 /BbiBM+iBQM #2ir22M r2F M/ bi`QM;
[mMiB}2`b UBX2X i?Qb2 i?i Kv Q` Kv MQi b+QT2 MQMHQ+HHv bm+? b 
M/ 2p2`v `2bT2+iBp2HvVX qBi? `2bT2+i iQ Qp2`i KQp2K2Mi U2X;X `2HiBpB@
biBQMV- r2 Q#b2`p2 ?Qr /BbTH+2K2Mi +H+mHmb +M bmTTQ`i  +Q/BM;
Q7  HBM2` }HH2`@;T /2T2M/2M+v bBKBH` iQ i?i 2KTHQv2/ BM HK#/
;`KK`b- #mi r2 `;m2 i?i i?Bb ;2M2`H TT`Q+? /Q2b MQi 2ti2M/ iQ
2Bi?2` i?2 KmHiBTHB+Biv MQ` i?2 BbHM/@b2MbBiBpBiv Q7 T`bBiB+ ;Tb- 7Q`
r?B+? r2 /pQ+i2 BMbi2/ i`2iK2Mi BM i2`Kb Q7  #`+F2i@+QM/BiBQM2/
+QMi`+iBQM bm#2tTQM2MiBHX
R covert movement: quantification
JQMi;m2Ƕb `mH2 aR9 Q7 [mMiB}+iBQM UB;MQ`BM; T`QMQmM #BM/BM;V +M
#2 2tT`2bb2/ b 7QHHQrb,
∆(N: x) ⇒ S:ω
∆(ZS:χ) ⇒ S: (χ λxω)
 _2b2`+? T`iBHHv bmTTQ`i2/ #v M A*_1 +/ĕKB kyRk- M/ #v
a:_kyR9@3Ny UJ*.V Q7 i?2 :2M2`HBii /2 *iHmMv- M/ ;`Mib S*PJ
hALkyR9@8dkke@S M/ hALkyRd@3Nk99@_ 7`QK JAL1*P UJBMBbi2`BQ /2 1+QMQ@
KB- AM/mbi`B v *QKT2iBiBpB//VX A K ;`i27mH iQ i?`22 `2pB2r2`b 7Q` i?2B`
pHm#H2 +QKK2Mib M/ bm;;2biBQMbX
CQm`MH Q7 GM;m;2 JQ/2HHBM; oQH i2- LQ eiπ URNdyV- TTX RĜRk
:HvM JQ``BHH
h?i Bb [mMiB}2` T?`b2b Q++mTv MQKBMH TQbBiBQMb M/ iF2 b2KMiB+
b+QT2 i i?2 b2Mi2M+2 H2p2H- TTHvBM; iQ i?2 HK#/ #bi`+iBQM Q7 i?2
b2Mi2M+2 +QMi2ti Qp2` i?2 K2MBM; Q7 i?2 MQKBMH TQbBiBQM Q++mTB2/X
JQMi;m2Ƕb `mH2 HHQrb Mv [mMiB}2` iQ iF2 b+QT2 i i?2 H2p2H Q7 Mv
bmT2`Q`/BMi2 +Hmb2- +Q``2+iHv ;2M2`iBM;- 7Q` 2tKTH2- /2 `2 M/ /2
/B+iQ `2/BM;b Q7,
URV CQ?M i?BMFb  bTv bH22TbX
"mi BM+Q``2+iHv Qp2`;2M2`iBM; irQ `2/BM;b Q7 2X;X
UkV CQ?M i?BMFb 2p2`v bTv bH22TbX
AM i?2 HQ;B+H `mH2b Q7 i?2 +H+mHmb Q7 GK#2F URN83V ∆(Γ ) bB;MB}2b
+QMi2ti +QM};m`iBQM ∆ rBi?  /BbiBM;mBb?2/ bm#+QM};m`iBQM Γ ,
Γ ⇒ B ∆(C) ⇒ D
/L
∆(C/B, Γ ) ⇒ D
Γ ,B ⇒ C
/R
Γ ⇒ C/B
Γ ⇒ A ∆(C) ⇒ D \L
∆(Γ ,A\C) ⇒ D
A, Γ ⇒ C \R
Γ ⇒ A\C
∆(A,B) ⇒ D •L
∆(A•B) ⇒ D
∆ ⇒ A Γ ⇒ B •R
∆, Γ ⇒ A•B
∆(Λ) ⇒ A
IL
∆(I) ⇒ A
IR
Λ ⇒ I
>2`2- r2 HHQr i?2 K2iHBM;mBbiB+ 2KTiv Mi2+2/2Mi Λ- M/ r2 ?p2
//2/ i?2 T`Q/m+i mMBi I Ubm+? i?i I•A⇔ A M/ A⇔ A•IVX
lbBM; GK#2FǶb bvbi2K `2[mB`2b H2tB+H K#B;mBiv iQ Q#iBM #Qi?
b2Mi2M+2 H27i@T2`BT?2`H [mMiB}+iBQM U2X;X 1p2`vQM2 HQp2b J`vV M/
`B;?i@T2`BT?2`H [mMiB}+iBQM U2X;X CQ?M HQp2b bQK2QM2V,
UjV : (S/(N\S))/*L:λxλy∃z[(x z) ∧ (y z)]
: ((S/N)\S)/*L:λxλy∃z[(x z) ∧ (y z)]
2p2`v: (S/(N\S))/*L:λxλy∀z[(x z) → (y z)]
2p2`v: ((S/N)\S)/*L:λxλy∀z[(x z) → (y z)]
M/ rQmH/ `2[mB`2 biBHH 7m`i?2` H2tB+H K#B;mBiv 7Q` K2/BH [mMiB}+@
iBQM,
( k )
 LQi2 QM JQp2K2Mi
U9V CQ?M b2Mi 2p2`v bim/2Mi iQ J`vX
JQQi M/ _2iQ`û UkyReV ;Bp2  +QmMiBM; `;mK2Mi b?QrBM; i?i BM i?2
GK#2F +H+mHmb MQ }MBi2 MmK#2` Q7 H2tB+H 2Mi`B2b +M ;2M2`i2 HH n!
[mMiB}2` b+QTBM; T`QQ7bX
AM i?2 GK#2F +H+mHmb- (\, •, /; ⇒ ) Bb  `2bB/mi2/ i`BTH2,
U8V B ⇒ A\C Bz A•B ⇒ C Bz A ⇒ C/B
h?2 GK#2F +H+mHmb Bb  HQ;B+ Q7 +QM+i2MiBQM- rBi? i?2 BM72`2M+2 Q7
i?2 `2bB/mi2/ i`BTH2 {\, •, /} ?BM;BM; QM i?2 K2ibvMi+iB+ +QM+i2MiBp2
+QKK ǳ-ǴX hQ ++QmMi HbQ 7Q` /Bb+QMiBMmBiv- JQ``BHH 2i HX UkyRRVV
/2}M2 i?2 /BbTH+2K2Mi +H+mHmbX AM i?2 /BbTH+2K2Mi +H+mHmb- ivT2b `2
bQ`i2/ #v Mim`Hb ++Q`/BM; iQ i?2 MmK#2` Q7 TQBMib Q7 /Bb+QMiBMmBiv
i?2B` 2tT`2bbBQMb +QMiBMX AM //BiBQM iQ  `2bB/mi2/ i`BTH2 {\, •, /} Q7
+QMiBMmQmb +QMM2+iBp2b- i?2`2 `2 `2bB/mi2/ /Bb+QMiBMmQmb +QMM2+iBp2b
{↓k,⊙k, ↑k} 7Q` r?B+? BM72`2M+2 ?BM;2b QM i?2 K2ibvMi+iB+ BMi2`+HiBQM
ǳ |k Ǵ r?2`2 i?2 TQbBiBp2 BMi2;2` k BM/B+i2b i?2 TQBMi Q7 /Bb+QMiBMmBiv BM
[m2biBQM +QmMiBM; 7`QK i?2 H27i UBi /27mHib iQ R mM/2` QKBbbBQMXV
*QM};m`iBQMb ! `2 /2}M2/ #v i?2 7QHHQrBM; Ur?2`2 i?2 b2T`iQ`
1 K`Fb TQBMib Q7 /Bb+QMiBMmBivV,
UeV ! ::= Λ | " ,!
" ::= 1 | #0 | #i>0{! : . . . : !︸!!!!!︷︷!!!!!︸
i! ′s
}
6Q`  ivT2 A- Bib bQ`i s(A) Bb i?2 i such that A ∈ #iX 6Q`  +QM};@
m`iBQM Γ - Bib bQ`i s(Γ ) Bb |Γ |1- BX2X i?2 MmK#2` Q7 TQBMib Q7 /Bb+QMiBMmBiv
1 r?B+? Bi +QMiBMbX
a2[m2Mib `2 Q7 i?2 7Q`K,
UdV ! ⇒ # such that s(! ) = s(# )
h?2 };m`2 −→A Q7  ivT2 A Bb /2}M2/ #v,
U3V −→A =
⎧⎪⎪⎪⎪⎨⎪⎪⎪⎪⎩
A B7 s(A) = 0
A{1 : . . . : 1︸!!!!︷︷!!!!︸
s(A) 1′s
} B7 s(A) > 0
q?2`2 Γ Bb  +QM};m`iBQM Q7 bQ`i i M/ ∆1, . . . ,∆i `2 +QM};m`@
iBQMb- i?2 7QH/ Γ ⊗ ⟨∆1 : . . . : ∆i⟩ Bb i?2 `2bmHi Q7 `2TH+BM; i?2 bm++2bbBp2
1Ƕb BM Γ #v ∆1, . . . ,∆i `2bT2+iBp2HvX q?2`2 Γ Bb Q7 bQ`i i- i?2 ?vT2`Q++m`@
`2M+2 MQiiBQM ∆⟨Γ ⟩ ##`2pBi2b ∆0(Γ ⊗ ⟨∆1 : . . . : ∆i⟩)- BX2X  +QMi2ti
( j )
:HvM JQ``BHH
+QM};m`iBQM ∆ Ur?B+? Bb 2ti2`MHHv ∆0 M/ BMi2`MHHv ∆1, . . . ,∆iV rBi?
 TQi2MiBHHv /Bb+QMiBMmQmb /BbiBM;mBb?2/ bm#+QM};m`iBQM Γ U+QMiBM@
mQmb B7 i = 0- /Bb+QMiBMmQmb B7 i > 0VX q?2`2 ∆ Bb  +QM};m`iBQM Q7
bQ`i i > 0 M/ Γ Bb  +QM};m`iBQM- i?2 ki? K2iHBM;mBbiB+ BMi2`+HiBQM
∆ |k Γ - 1 ≤ k ≤ i- Bb ;Bp2M #v,
UNV ∆ |k Γ =d f ∆ ⊗ ⟨1 : . . . : 1︸!!!!︷︷!!!!︸
k−1 1Ƕb
: Γ : 1 : . . . : 1︸!!!!︷︷!!!!︸
i−k 1Ƕb
⟩
h?i Bb ∆ |k Γ Bb i?2 +QM};m`iBQM `2bmHiBM; 7`QK `2TH+BM; #v Γ i?2 ki?
b2T`iQ` BM ∆X
h?2 HQ;B+H `mH2b Q7 i?2 /BbTH+2K2Mi +H+mHmb `2 b 7QHHQrb- r?2`2
b r2 ?p2 bB/ ∆⟨Γ ⟩ bB;MB}2b  +QM};m`iBQM ∆ rBi?  TQi2MiBHHv
/Bb+QMiBMmQmb /BbiBM;mBb?2/ bm#+QM};m`iBQM Γ ,
Γ ⇒ B ∆⟨−→C ⟩ ⇒ D
/L
∆⟨−−→C/B, Γ ⟩ ⇒ D
Γ ,
−→
B ⇒ C
/R
Γ ⇒ C/B
Γ ⇒ A ∆⟨−→C ⟩ ⇒ D \L
∆⟨Γ ,−−→A\C⟩ ⇒ D
−→
A , Γ ⇒ C \R
Γ ⇒ A\C
∆⟨−→A ,−→B ⟩ ⇒ D •L
∆⟨−−→A•B⟩ ⇒ D
∆ ⇒ A Γ ⇒ B •R
∆, Γ ⇒ A•B
∆⟨Λ⟩ ⇒ A
IL
∆⟨−→I ⟩ ⇒ A
IR
Λ ⇒ I
( 9 )
 LQi2 QM JQp2K2Mi
Ξ⟨−→A : x⟩ ⇒ B:ψ
!L
Ξ⟨−−→!A: z⟩ ⇒ B:ψ{∨z/x}
!×Ξ ⇒ A:φ
!R
!×Ξ ⇒ !A: ∧φ
Ξ⟨−→A : x⟩ ⇒ B:ψ
"L
Ξ⟨−−→"A: x⟩ ⇒ B:ψ
!×Ξ ⇒ A:φ
"R
!×Ξ ⇒ "A:φ
6B;m`2 R,
LQ`KH
KQ/HBiB2b-
r?2`2 !× K`Fb 
bi`m+im`2 HH i?2
ivT2b Q7 r?B+?
?p2 KBM
+QMM2+iBp2  #Qt
Γ ⇒ B ∆⟨−→C ⟩ ⇒ D ↑kL
∆⟨−−−→C↑kB |k Γ ⟩ ⇒ D
Γ |k −→B ⇒ C ↑kR
Γ ⇒ C↑kB
Γ ⇒ A ∆⟨−→C ⟩ ⇒ D ↓kL
∆⟨Γ |k −−−→A↓kC⟩ ⇒ D
−→
A |k Γ ⇒ C ↓kR
Γ ⇒ A↓kC
∆⟨−→A |k −→B ⟩ ⇒ D ⊙kL
∆⟨−−−−→A⊙kB⟩ ⇒ D
∆ ⇒ A Γ ⇒ B ⊙kR
∆ |k Γ ⇒ A⊙kB
∆⟨1⟩ ⇒ A
JL
∆⟨−→J ⟩ ⇒ A
JR
1 ⇒ J
h?2M 7Q` HH Q7 H27i@T2`BT?2`H M/ `B;?i@T2`BT?2`H M/ K2/BH
[mMiB}+iBQM ¨ H JQMi;m2 r2 `2[mB`2 Dmbi bBM;H2 ivT2 bbB;MK2Mib,
URyV : ((S↑N)↓S)/*L:λxλy∃z[(x z) ∧ (y z)]
2p2`v: ((S↑N)↓S)/*L:λxλy∀z[(x z) → (y z)]
>2M+2 i?2 `mH2 Q7 aR9 Bb H2tB+HBb2/ BM  bBM;H2 H2tB+H ivT2X
JQ``BHH URNNyV M/ >2TTH2 URNNyV BMpQF2 b2KMiB+HHv +iBp2 U!V
M/ BM+iBp2 U"V MQ`KH KQ/HBiB2b `2bT2+iBp2Hv 7Q` ;`KKiB+H /Q@
KBMbX h?2b2 `2 MQ`KH UBX2X /Bbi`B#miBp2V a9 KQ/HBiB2bc i?2 7Q`K2`
7Q` b2KMiB+- 2X;X BMi2MbBQMH Q` i2KTQ`H- /QKBMb- M/ i?2 Hii2` 7Q`
bvMi+iB+ /QKBMbX JQ``BHH UkyR8V +QK#BM2b i?2b2 b b?QrM BM 6B;m`2 RX
//BM; i?2b2 iQ /BbTH+2K2Mi +H+mHmb r2 +M TT`Q+? i?2 +Tim`2 Q7
+Hmb2@HQ+HBiv BMpQFBM; b2MbBiBpBiv iQ BMi2MbBQMHBiv,
( 8 )
:HvM JQ``BHH
URRV :"(((S↑"N)↓S)/*L):λxλy∃z[(x z) ∧ (y z)]
2p2`v:"(((S↑N)↓S)/*L):λxλy∀z[(x z) → (y z)]
CQ?M:"N: D
bH22T:!(N\S): bH22T
bTv:!*L: bTv
i?BMFb:!((N\S)/!S): i?BMF
 bm#Q`/BMi2 +Hmb2 bm+? b i?2 +QKTH2K2Mi Q7 i?BMFb Bb M BMi2MbBQMH
/QKBM !S M/ i?mb `2[mB`2b Bib 2H2K2Mib iQ #2 KQ/H i i?2 KQK2Mi
Q7 ! T`QQ7X h?2`2 Bb MQ T`Q#H2K r?2M 2Bi?2`  Q` 2p2`v b+QT2b HQ+HHv
rBi?BM M BMi2MbBQMH /QKBM bm+? b i?2 +QKTH2K2Mi +Hmb2 Q7 i?BMFb
bBM+2 i?2B` H2tB+H ivT2b- HBF2 HH H2tB+H ivT2b- `2 KQ/HX "mi r?BH2 i?2
?vTQi?2iB+H bm#ivT2 "N Q7  #2`b  KQ/HBiv- i?i N Q7 2p2`v /Q2b
MQi- M/ bQ QMHv i?2 7Q`K2` +M iF2 rB/2 b+QT2 Qmi Q7 Bib BMi2MbBQMH
/QKBMX
k overt movement: relativisation
AM i?2 *: Q7 /2 :`QQi2 UkyyRV Q` GK#/ :`KK` Q7JmbF2Mb
UkyyR#V  `2HiBp2 T`QMQmM Bb bbB;M2/ ivT2,
λρλσ.σ+i?i+(ρ 0): (N−◦S)−◦*L−◦*L:λxλyλz[(y z) ∧ (x z)]
"mi *: ?b i?2 EGJ T`Q#H2Kc b22 JmbF2Mb UkyyRVc Em#Qi UkyRyVc
Em#Qi M/ G2pBM2 UkyRkVc JQQi UkyR9Vc M/ Em#Qi M/ G2pBM2
UkyR8V- b2+iBQM 9XRXk- r?2`2#v i?2 MQM/B`2+iBQMH /2T2M/2Mib Q7 M
`;mK2Mi iQ  ?B;?2` Q`/2` 7mM+iQ` +M +QKKmi2X h?Bb Bb #2+mb2
⊢ A−◦B−◦C ⇒ B−◦A−◦CX 6Q` 2tKTH2- BM ho +QQ`/BMiBQM i?2 Mim`H
b22KBM; i`MbHiBQM Q7 GK#2F +QQ`/BMiBQM rQmH/ #2 iQ bbB;M i?2
+QQ`/BMiQ` ivT2,
λρ2λρ1λβλα.α+(ρ1 0 0)+M/+(ρ2 0 0)+β:X−◦X−◦X- r?2`2 X = N−◦N−◦S
h?2M
URkV CQ?M br M/ T`Bb2/ J`vX
;2ib bbB;M2/ i?2 7QHHQrBM; `2/BM;b r?B+? `2 HH BM+Q``2+i 2t+2Ti i?2
}`bi,
( e )
 LQi2 QM JQp2K2Mi
URjV ǳC br J M/ C T`Bb2/ JǴ
ǳC br J M/ J T`Bb2/ CǴ
ǳJ br C M/ C T`Bb2/ JǴ
ǳJ br C M/ J T`Bb2/ CǴ
h?2 KQ`2 ;2M2`H TQBMi Bb i?i HH Hi2`MiBp2 i2`Kb Qp2`;2M2`i2 b
r2HH- r?B+? Bb `;m2/ BM JQQi UkyR9VX
AM i?2 >hG: Em#Qi M/ G2pBM2 UkyRkVV i?2`2 `2 #Qi? /B`2+@
iBQMH GK#2F +QMM2+iBp2b 7Q` +QMiBMmBiv M/  MQM/B`2+iBQMH HBM2`
+QMM2+iBp2 7Q` /Bb+QMiBMmBivX h?2 EGJ T`Q#H2K #Qp2 Bb 2p/2/ #v
bbB;MBM;  ho +QQ`/BM/Q` i?2 /B`2+i2/ ivT2,
M/: (X\X)/X- r?2`2 X = (N\S)/N
"mi /B`2+iBQMH U+QM+i2MiBp2V M/ MQM/B`2+iBQMH U7mM+iBQMHV ivT2b
+MMQi 7`22Hv BMi2`r2p2 BM >hG:, BMi2`T`2iBM; +QM+i2MiBQM b 7mM+@
iBQM +QKTQbBiBQM- QMHv KF2b b2Mb2 7Q` 7mM+iBQMb 7`QK bi`BM; TQbBiBQM iQ
bi`BM; TQbBiBQM UBX2X bBKTH2 bi`BM;bV M/ MQi 7Q` KQ`2 +QKTH2t 7mM+iBQMbc
Qi?2` i?BM;b #2BM; 2[mH- /B`2+i2/ ivT2b +MMQi +QMiBM MQM/B`2+iBQMH
bm#ivT2bX h?mb- Qi?2` i?BM;b #2BM; 2[mH- i?2 bbB;MK2Mi Q7  `2HiBp2
T`QMQmM QM i?2 Tii2`M Q7 i?i 7Q` #Qp2 7Q` HK#/ ;`KK` Kmbi
#2,
i?i: (*L\*L)#(S#N):λxλyλz[(y z) ∧ (x z)]
rBi? M Qmi2`KQbi MQM/B`2+iBQMH bHb? #2+mb2 i?2 `;mK2Mi ?b 
MQM/B`2+iBQMH bHb? iQ HHQr K2/BH 2ti`+iBQMX "mi i?Bb K2Mb i?2`2
Bb  TQi2MiBH EGJ T`Q#H2K 7Q` i?2 #(S#N) `;mK2MiX 6Q` 2tKTH2- iQ
;2M2`i2 i?2 7QHHQrBM; r2 `2[mB`2 Q`: (X#X)#X,X = *L#(S#N),
UR9V MBKH i?i Q` T2`bQM r?Q CQ?M br iQ/v
>Qr2p2`- i?2 bK2 ivT2b Qp2`;2M2`i2 i?2 7QHHQrBM;- r?2`2 i?2 `B;?i
MQ/2 `Bb2/ S#N Bb K2/BH BM QM2 Q` #Qi? Q7 i?2 /BbDmM+ibX
UR8V X  MBKH i?i QmibB/2 Q` T2`bQM r?Q CQ?M br iQ/v
#X  MBKH i?i Q` T2`bQM r?Q BMbB/2 CQ?M br iQ/v
+X  MBKH i?i QmibB/2 Q` T2`bQM r?Q BMbB/2 CQ?M br iQ/v
AM `2bTQMb2 iQ i?Bb- umbmF2 Em#Qi UT2`bQMH +QKKmMB+iBQMV bm;@
;2bib i?i  `2HiBp2 T`QMQmM #2 bbB;M2/ ivT2
i?i: (*L\*L)/ˆ(S#N):λxλyλz[(y z) ∧ (x z)]
( d )
:HvM JQ``BHH
r?2`2 ˆ Bb i?2 /2}M2/ +QMM2+iBp2 ǳ#`B/;2Ǵ Q7 /BbTH+2K2Mi +H+mHmbX
h?i Bb- BM i?Bb +b2 i?2 EGJ T`Q#H2K rQmH/ #2 `2bQHp2/ i?`Qm;? i?2
mb2 Q7 M //BiBQMH +QMM2+iBp2c ?Qr2p2`- MQi2 i?i r?BH2 i?Bb mb2 Bb
KQiBpi2/ #v  /2bB`2 iQ +Q``2+i 2KTB`B+H T`2/B+iBQMb- Bi Bb  i2+?MB+HHv
MQKHQmb //BiBQM iQ >hG:X
AM /2i2`KBM2` ;TTBM;- BM >hG:- b22 Em#Qi M/ G2pBM2 UkyRjV
M/ Em#Qi M/ G2pBM2 UkyReV- i?2`2 Bb  7m`i?2` `2KMMi EGJ T`Q#@
H2K UEm#Qi- T2`bQMH +QKKmMB+iBQMV,
UReV X JQbi +ib HBF2 HTQ M/ UKQbiV /Q;b UHBF2V q?BbFbX
#X A HBF2 KQbi +ib M/ vQm UHBF2V UKQbiV /Q;bX
λρ2λρ1λφλσ.((ρ1 φ) σ)+M/+((ρ2 λχλψ(ψ χ)) 0): (X#X)#X
r?2`2 X = (S#ho)#Q
h?Bb Qp2`;2M2`i2b i?2 7QHHQrBM;- r?2`2 i?2 /2i2`KBM2` M/ i?2 i`MbB@
iBp2 p2`# Q`/2`b `2 MQi +QMbBbi2Mi BM i?2 +QMDmM+ib,
URdV  JQbi +ib HBF2 HTQ M/ CQ?M UHBF2bV UKQbiV /Q;bX
UR3V  CQ?M HBF2b KQbi /Q;b M/ UKQbiV +ib UHBF2V HTQX
h?Bb Qp2`;2M2`iBQM `Bb2b #2+mb2 i?2 H27i@iQ@`B;?i TQbBiBQMb Q7 i?2 irQ
/Bb+QMiBMmQmb /2T2M/2M+B2b `2 MQi B/2MiB}2/X 6Q` M ++QmMi Q7 ;T@
TBM; i?i BM+Hm/2b /2i2`KBM2` ;TTBM; rBi?Qmi i?Bb T`Q#H2K- BM i2`Kb
Q7  p2`bBQM Q7 /BbTH+2K2Mi +H+mHmb- b22 JQ``BHH M/ oH2MiőM UkyRdVc
i?i 7Q`KmHiBQM 2p/2b i?2 Qp2`;2M2`iBQM #2+mb2 BM /BbTH+2K2Mi
+H+mHmb i?2 /Bb+QMiBMmQmb /2T2M/2Mib `2 BM/2t2/ 7Q` H27i@iQ@`B;?i TQ@
bBiBQM- HHQrBM; i?2 T`HH2H ;`KKiB+H /2i2`KBM2` ;TTBM; Q7 UReV
#mi MQi i?2 MQMT`HH2H mM;`KKiB+H +b2b URdV M/ UR3VX
AM /BbTH+2K2Mi +H+mHmb-  `2HiBp2 T`QMQmM +M #2 bbB;M2/ ivT2,
i?i: (*L\*L)/((S↑N)⊙I):λxλyλz[(y z) ∧ (π1x z)]
Q`
i?i: (*L\*L)/ˆ(S↑N):λxλyλz[(y z) ∧ (x z)]
h?2`2 Bb MQ EGJ T`Q#H2K Q7 Mv FBM/X >Qr2p2`- r2 Qz2` irQ `2bQMb
iQ [m2biBQM Mv mb2 Q7  /Bb+QMiBMmQmb HBM2` QT2`iQ` 7Q` `2HiBpBbiBQMX
6B`bi- H2i mb Q#b2`p2 i?i mbBM; /BbTH+2K2Mi QT2`iQ`b 7Q` #Qi?
[mMiB}+iBQM M/ `2HiBpBbiBQM `BbFb `mMMBM; BMiQ M BM+QMbBbi2M+vX
h?Bb Bb b 7QHHQrb, QM i?2 QM2 ?M/- [mMiB}2`b Kmbi #2 HHQr2/ iQ
( 3 )
 LQi2 QM JQp2K2Mi
b+QT2 Qmi Q7- 7Q` 2tKTH2- bm#D2+ib- r?B+? `2 Ur2FV BbHM/b- bQ iQ
i`2i [mMiB}+iBQM /BbTH+2K2Mi Kmbi #2 #H2 iQ T2M2i`i2 BbHM/bX
"mi i?2M- QM i?2 Qi?2` ?M/- i?2 HBM2` T`QTQbH 7Q` `2HiBpBbiBQM #Qp2
rBHH 7BH iQ #2 b2MbBiBp2 iQ BbHM/bX
a2+QM/- MQ` /Q i?2 HBM2` T`QTQbHb #Qp2 iF2 BMiQ ++QmMi T`@
bBiB+ 2ti`+iBQM,
URNV KM i?i i?2 7`B2M/b Q7 /KB`2
h?2`27Q`2- r2 bm;;2bi i`2iK2Mi Q7 i?2 K2/BHBiv Q7 2ti`+iBQM M/ i?2
TQi2MiBH 7Q` T`bBiB+ 2ti`+iBQM MQi pB M BbHM/@BMb2MbBiBp2 /Bb+QMiBM@
mQmb HBM2` BKTHB+iBQM- #mi pB  T2`KmiiBQM M/ BbHM/@+QM/BiBQM2/
+QMi`+iBQM U#mi MQi r2F2MBM;V bm#2tTQM2MiBHc b22 6B;m`2 k r?B+?
mb2b  biQmT- b BM :B``/ UkyRRV- iQ biQ`2 i?2 bi`m+im`HHv KQ/HBb2/ `2@
bQm`+2bc i?Bb 7Q`KmHiBQM Bb 2bb2MiBHHv HBF2 i?i Q7 JQ``BHH UkyRRV BM i?i
T`bBiB+ /QKBMb Kmbi #2 /Qm#Hv #`+F2i2/ BM i?2 HBM;mBbiB+ BMTmiXR
 `2HiBp2 T`QMQmM Bb iQ #2` i?2 T2`KmiiBQM M/ #`+F2i@+QM/BiBQM2/
+QMi`+iBQM bm#2tTQM2MiBH QM Bib ?vTQi?2iB+H bm#ivT2,
i?i: (*L\*L)/(5N\S):λxλyλz[(y z) ∧ (x z)]
q?2M i?Bb bm#ivT2 ?b #22M HQr2`2/ BMiQ i?2 Mi2+2/2Mi- Bi +M #2
KQp2/ BMiQ i?2 HQ+H biQmT #v 5Lc i?2M Bi +M #2 +QTB2/ BMiQ i?2 biQmTb
Q7 Mv MmK#2` Q7 U/Qm#Hv #`+F2i2/V T`bBiB+ /QKBMb #v 5Cbbc i?2M Bi
+M #2 KQp2/ BMiQ Mv HQ+H ?Qbi TQbBiBQM #v 5PX h?2 biQmT +QMi2Mib Q7
i?2 T`bBiB+ /QKBMb +M i?2Kb2Hp2b #2 +QTB2/ BMiQ i?2 biQmTb Q7 Mv
MmK#2` Q7 /Qm#Hv #`+F2i2/ T`bBiB+ bm#/QKBMb 5Cbb M/ bQ 7Q`i?-
M/ i?2M BMiQ HQ+H bm#?Qbi TQbBiBQMb #v 5PX
RM/ i?2 7Q`KmHiBQM biM/b BM +QMi`bi iQ JQ``BHH UkyRdV r?B+? ?b i?2
+QMi`+iBQM `mH2 rBi?Qmi #`+F2ib BM i?2 HBM;mBbiB+ BMTmi,
Ξ(ζunionmulti {A: x}; Γ1, [{A: y}; Γ2], Γ3) ⇒ B:ψ
5Cb
Ξ(ζunionmulti {A: x}; Γ1, Γ2, Γ3) ⇒ B:ψ{x/y}
r?B+? ;Bp2b `Bb2 iQ mM/2+B/#BHBiv b b?QrM BM EMQpB+? 2i HX UkyRdV- M/
r?B+? 7m`i?2`KQ`2 Qp2`;2M2`i2b T`bBiB+ 2ti`+iBQM BM r?B+?  r?QH2 BbHM/
/QKBM Bb  T`bBiB+ ;T- bm+? b i?2 bm#D2+i BbHM/ BM i?2 2tKTH2,
 KM i?i HBF2b
r?B+? +QmMi2`2tKTH2 Bb /m2 iQ ai2TM EmxM2ibQp UT2`bQMH +QKKmMB+iBQMVX
( N )
:HvM JQ``BHH
6B;m`2 k,
1tTQM2MiBHb Ξ(ζunionmulti {A: x}; Γ1, Γ2) ⇒ B:ψ 5L
Ξ(ζ; Γ1, 5A: x, Γ2) ⇒ B:ψ
5A ⇒ B:φ
5R
5A ⇒ 5B:φ
Ξ(ζ; Γ1,A: x, Γ2) ⇒ B:ψ 5P
Ξ(ζunionmulti {A: x}; Γ1, Γ2) ⇒ B:ψ
Ξ(ζunionmulti {A: x}; Γ1, [{A: y}; Γ2], Γ3) ⇒ B:ψ 5Cbb
Ξ(ζunionmulti {A: x}; Γ1, [[Γ2]], Γ3) ⇒ B:ψ{x/y}
h?2 #`+F2i +QM/BiBQMBM; Q7 +QMi`+iBQM 2Mbm`2b i?i T`bBiB+ ;Tb
+M QMHv TT2` rBi?BM bBM;Hv #`+F2i KQ/HBx2/ BbHM/b- ?Qbi2/ #v 
MQM@BbHM/ ;Tc  /Bb+QMiBMmQmb HBM2` QT2`iQ` +M /2HBp2` M2Bi?2` bm+?
KmHiBTH2 #BM/BM; MQ` bm+? BbHM/@+QM/BiBQMBM;X
h?2 `2bmHiBM; TB+im`2- i?2M- Bb QM2 BM r?B+? /BbTH+2K2Mi +H+mHmb
Bb mb2/ iQ +?`+i2`Bb2 i?2 +Qp2`i KQp2K2Mi Q7 [mMiB}+iBQM- BM+Hm/BM;
2KTHQvK2Mi Q7 b2KMiB+ KQ/HBiB2b 7Q` i?2 /BbiBM+iBQM #2ir22M bi`QM;
M/ r2F [mMiB}2`b- #mi BM r?B+? M 2tTQM2MiBH KQ/HBiv `i?2` i?M
 /Bb+QMiBMmQmb HBM2` QT2`iQ` Bb mb2/ 7Q` i?2 Qp2`i KQp2K2Mi Q7 `2H@
iBpBbiBQM- 7Q` i?2 `2bQMb ;Bp2M #Qp2X
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